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Abstract 
The dissertation was written as part of the MSc in Sustainable Agriculture and Business 
at the International Hellenic University. 
As the need for more food is growing combined with the continuously increasing 
global population, special interest is given to research on the sustainability of agricul-
tural production. The last decade, novel strategies and practices, new substances and 
organisms, have been introduced in Agriculture. Among these are endophytes too, act-
ing as simulators and promoters of plant growth, as protectors of plants from stresses 
or pests, even as BCAs. These characteristics make endophytes promising, more-eco-
friendly and economically sustainable tools of agriculture. 35 studies of the last 5-year 
period were selected to review the factors influencing endophytic communities (host, 
tissue type and abiotic environment) and to discuss whether the type of tissue has 
greater effect on endophyte community, irrespective of the host species. Additionally, 
to investigate if there is an effect on endophytic community when environmental con-
ditions change in small or large scale. 
The study revealed that host plant may be the main factor, affected directly by 
abiotic environment, while the type of tissue shapes further the existing endophytic 
community that has been recruited by host into specific plant compartments. Abiotic 
environment influences endophytes, too. Endophytic communities present a global ho-
mogeneity, with no significant differences in the composition of their communities at 
the phylum level. However, this does not mean that there are no differences among the 
individuals of each group at the family, genus and species level shaped by local environ-
mental factors. Thus, there is a general/global pattern of maintenance of endophytic 
community structure, regardless of the study area, which is influenced at the lower tax-
onomic levels by local abiotic environmental parameters on the one hand, and by biotic 
on the other. 
At this point I would like to acknowledge and thank cordially my supervisor and 
the people who contributed to complete this thesis. 
Keywords: (endophytes, endophytic community, host effect, tissue type, abiotic envi-
ronment) 
Thomas Gkouletsos 
29-Nov-18 
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Preface 
The present thesis was conducted as part of the MSc in Sustainable Agriculture and Busi-
ness at the International Hellenic University, Thessaloniki, Greece. 
Through this thesis we tried to summarize the roles of endophytes in agriculture 
and so regarding plants, as well as to study the influence of biotic and abiotic factors 
affecting endophytic community. The fact that there are not so many studies in this field 
of science could be a marker for future research prospects. Additionally, much more sci-
entific information is needed in the field of endophytic communities, in order the human-
ity to be able to use it in applications of agriculture improvement, following the continu-
ously increasing engaging of young people with the agricultural sector in our country and 
abroad. 
I am very grateful and cordially thankful to my supervisor Prof. Dr. Efimia Papa-
theodorou, as well as Dr. Nikolaos Monokrousos, for their valuable comments and cor-
rections on this thesis. In addition to these people, I would like to acknowledge Dr. Di-
mitris Schizas. Their help and continuous guidance throughout my MSc courses were 
particularly important and I am really gratefully indebted to them. Thank you very much 
for all that you have offered me in the field of knowledge! 
Last but not least, I must express my very profound gratitude to my family, who 
offered me all kinds of support, as well as to all my own people, who shared the joys, the 
excitement and the sorrows and disappointments I met along the way. 
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Introduction 
The term “endophytes” 
The term “endophyte” can be literally explained as “inside the plant” (endon Gr.=inside, 
phyton=plant). Endophytes are living organisms which exist, at least, during one part of 
their lifecycle inside a host plant (Arora and Ramawat, 2017). “Endophyte” was intro-
duced as a term by De Bary (1866) in order to distinguish and describe the “inside-the-
plant living” organisms from the epiphytic organisms of a plant surface. Initially, the 
term was referred to fungi invading the stems and leaves of plants without causing any 
symptoms or disease (Carroll, 1988; Clay, 1988; Wilson, 1993); nevertheless, today it is 
widely known that endophytes are able to colonize any organ of the host (Schulz and 
Boyle, 2006). After several years, Hallmann et al. (1997) gave the most common defini-
tion of endophytes, suggesting that endophytes are “...those (bacteria) that can be iso-
lated from surface-disinfested plant tissue or extracted from within the plant, and that 
do not visibly harm the plant”. Nowadays, the term “endophytes” is broad enough, 
equal to the spectrum of potential hosts and inhabitants, i.e. bacteria (Kobayashi and 
Palumbo, 2000), fungi (Stone et al., 2000), plants (Marler et al., 1999) and insects in 
plants (Feller, 1995), but also algae within algae (Peters, 1991), even archaea (Ma et al., 
2013; Shi et al., 2015). According to Stone et al. (2000), we can recognize endophytes as 
(1) endophytic Clavicipitaceae; (2) fungal endophytes of dicots; (3) endophytic fungi; (4) 
other systemic fungal endophytes; (5) fungal endophytes of lichens; (6) endophytic fungi 
of bryophytes and ferns; (7) endophytic fungi of tree bark; (8) fungal endophytes of xy-
lem; (9) fungal endophytes of root; (10) fungal endophytes of galls and cysts; (11) pro-
karyotic endophytes of plants (including both endophytic bacteria and actinomycetes, 
as well as archaea). It is true that there were authors who used to determine mycorrhizal 
fungi interactions with plant roots as being endophytic interactions (Sieber, 2002), alt-
hough, a couple of years later this issue was clarified and mycorrhizal interactions were 
distinguished from endophytic ones, eventhough it is not always clear-cut to discrimi-
nate them (Schulz and Boyle, 2006). 
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The association with plants, evolution and origin 
Our present knowledge on diversity and distribution of endophytes’ hosts, leads to the 
fact that plant-endophyte association must be since the ancient times (Clay, 1993). This 
is also noticed by Arora and Ramawat (2017), who stated that endophytes have been 
combined with plants since the early beginning stages of their evolution resulting in mu-
tualism in diverse plant categories e.g. monocots, dicots, trees, gymnosperms and bry-
ophytes. The starting point of this evolutionary path is the association of the early ter-
restrial plants with mycorrhizal fungi; this fact helped plants during evolution (Arora and 
Ramawat, 2017). There are also records showing the existence of this association for 
>400 years ago (Krings et al., 2007). In the initial stages of plant evolution, plants moved 
from aquatic environments to the terrestrial ones. As a result, they had to come up 
against the conditions of the terrestrial environment (e.g. CO2, temperature and water 
availability fluctuations, limited nutrient availability in soil etc.) (Bonfante and Selosse, 
2010), something that was attained in combination with endophytes’ help. Endophytes 
adapted themselves into the plants’ microenvironment while genetic variation was tak-
ing place (e.g. plant DNA uptake). As a result during evolution endophytes started pro-
ducing metabolites or precursors assisting their hosts and undertaking a very important 
role in the ecosystem (Arora and Ramawat, 2017). 
As it concerns the origin and the entry point of endophytic microorganisms, Sturz 
and Nowak (2000) stated that this may be from rhizosphere and phyllosphere microflora 
that penetrated through roots to xylem. Thin-walled cells (e.g. of the apical root zone) 
or basal root zone (e.g. through cuts, wounds or natural openings) are preferred for en-
ter-points, while endophytes are able to produce cell wall lytic enzymes to dissolve it, 
such as cellulases and pectinases. Endophytes are also able for two different kinds of 
transfer; the vertical one (transmission from generation to generation) and the horizon-
tal (transmission to allied species through soil, plant part decay or even through air) 
(Arora and Ramawat, 2017). 
Co-existence and a complicated relationship 
During the years and the long period of co-existence, different relationships have been 
established between endophytes and plants. The host-endophyte interaction can be 
recognized as mutualism (positive), antagonism (negative) or even neutralism (neutral). 
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Despite the fact that there are the pre-referred types of interaction, according to 
Saikkonen et al. (2004) the term “endophyte” has become synonymous with the term 
“mutualism” in literature. The factors that put pressure on the population and commu-
nity structure of endophytes is considered to be the eco-habitat, the nutrient level as 
well as the genetic background of the host. In turn endophytes offer some benefits, such 
as disease, pest or herbivore resistance, induced host growth, increased nutrient uptake 
or the production of some kinds of bioactive compounds (Hardoim et al., 2015; Jia et al., 
2016). The relationship between plants and endophytes is complicated. Mutualism as a 
characteristic is addressed in most cases, due to a degree of protection of the host that 
is afforded (Chanway, 1996). More specifically, the host plants provide nutrients and 
protection to the endophytes, while the microorganisms facilitate nutrient uptake and 
provide protection to the plant from possible biotic and abiotic stresses or even pests. 
In addition to the influence on plant growth, development, fitness and diversity, it has 
been reported that the presence of an endophyte may affect plant community diversity, 
population dynamics and functioning of the ecosystem (Saikkonen et al., 1998; Hardoim 
et al., 2015). 
Endophytic diversity 
Regarding their diversity, endophytes can be separated in different categories. First of 
all, they can be divided in prokaryotic (bacterial and archaeal endophytes) and eukary-
otic (fungal endophytes). Among prokaryotes the presence of archaeal endophytes has 
been noticed in several plants, such as coffee cherries (Oliveira et al., 2013), rice (Sun et 
al., 2008) and maize roots (Chelius and Triplett, 2001), as well as in the arctic tundra rush 
Juncus trifidus (Nissinen et al., 2012). Archaea are represented by two phyla; Eu-
ryarchaeota and Thaumarchaeota. Althouh there is a large diversity among endophytic 
Bacteria (21 phyla), not all phyla are equally distributed. The majority (>96%) of bacterial 
endophytes are categorized in the 4 phyla; Proteobacteria (54%), Actinobacteria (20%), 
Firmicutes (16%) and Bacteriodetes (6%), existing in every plant environment (Hardoim 
et al., 2015; Arora and Ramawat, 2017). 
A large number of Proteobacteria belong to Gammaproteobacteria (26% of pro-
karyotic endophytes) with many of them known as phytopathogens. In the group of 
Gammaproteobacteria are included Pseudomonas, Enterobacter, Pantoea, 
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Stenotrophomonas, Acinetobacter and Serratia. The interactions of Gammaproteobac-
teria that have been described vary from pathogenicity to mutualism (Hardoim et al., 
2015). Alphaproteobacteria (18% of prokaryotic endophytes) is also a group of Proteo-
bacteria endophytes, most of which belong to Rhizobium and Bradyrhizobium genera 
(N2-fixing in legumes) as well as to Methylobacterium and Sphingomonas. Last, Betapro-
teobacteria (10% of prokaryotic endophytes) include genera such as Burkholderia, Mas-
silia, Variovorax and Collimonas (Hardoim et al., 2015). Apart from the pre-referred cat-
egories of Proteobacteria, there are also Deltaproteobacteria and Epsilonproteobacteria 
in lower proportions (Williams and Kelly, 2013), as well as a sixth class, the “Zetaprote-
obacteria”, although the name is not validly published yet (Emerson et al., 2007; 
McAllister et al., 2011).  
The second largest phylum of bacterial endophytes, Actinobacteria, consists of 
diverse genera such as Streptomyces (known for antibiotic synthesis) (Liu et al., 2013), 
Microbacterium, Mycobacterium, Arthrobacter and Curtobacterium, while the phylum 
Firmicutes includes the two genera Bacilli and Clostridia. Part of this group is also Bacil-
lus thurigiensis, that is known for the parasporal crystal protein production (pesticidal 
properties) (Schnepf et al., 1998; Hardoim et al., 2015). 
As it concerns eukaryotic (or fungal) endophytes, the main phyla (according to 
their abundance) are Glomeromycota (40%), Ascomycota (31%), Basidiomycota (20%), 
unidentified phyla (8%) and Zygomycota (0.1%) (Hardoim et al., 2015). Most of the fun-
gal endophytes belong to Glomeromycetes, a class of microorganisms which are endo-
symbionts with most land plants, a fact of great ecological and economic importance 
(Smith and Read, 2008). Endophytic Ascomycota include Dothideomycetes, many mem-
bers of which are necrotrophic, producing host specific phytotoxic metabolites and pep-
tides, while regarding endophytic Basidiomycota, many of them belong to Agaricomy-
cetes (mushroom-forming mainly), but also saprotrophs or EMC symbionts (Hardoim et 
al., 2015). 
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Roles of endophytes related to the plant 
Phytostimulation, Nutrient Cycling, Enzyme Production and Bioremediation 
Endophytes play major role in the uptake of important nutrients (essential elements), 
like C, N, P, O etc. (Arachevaleta et al., 1989; Malinowski et al., 2000), while among oth-
ers endophytes are able to produce a wide range of phytohormones e.g. auxins, cyto-
kinins and gibberellic acids (Nair and Padmavathy, 2014; Arora and Ramawat, 2017). 
There are also cases in which indole-3 acetic acid (IAA - a phytohormone of the auxin 
class) is produced as an endophytic originated promoter of plant growth, leading to in-
duced plant cell elongation and cell division (Xin et al., 2009). Apart from, their role in 
nutrient uptake of plants, endophytes possess another role, that of balancing the nutri-
ents in plant’s environment and making them available to the whole ecosystem. Micro-
organisms, among others, produce several vital enzymes, like cellulases, proteases, pec-
tinases, xylanases (Bezerra et al., 2012) and hemicellulases (Bischoff et al., 2009). Such 
enzymes are studied for their possible application in bioconversion of lignocellulosic bi-
omass into sugars, able to be fermented easier. For example, saprophytic organisms 
help in biodegradation, by degrading and decomposing organic components (litter of 
their hosts) e.g. lignin, cellulose, hemicellulose (Kumaresan and Suryanarayanan, 2002; 
Korkama-Rajala et al., 2008; Promputtha et al., 2010; He et al., 2011).  
The ability of endophytes to break down complexes can also be expanded to bi-
oremediation, the process of removing wastes or pollutants from the environment e.g. 
Cadmium (Mastretta et al., 2009) and other toxic metals (Nair and Padmavathy, 2014) 
or even plastic (PUR) (Russell et al., 2011), due to the great microbial diversity. It is fact 
that there is an interaction between above- and belowground communities and has 
been shown that regulation of soil by plants containing endophytic microbes, affects soil 
catabolic profiles e.g. endophytes modify host rhizo-depositions in the conditioning 
phase, and increase soil fungal activity, too (Malinowski et al., 1998; Van Hecke et al., 
2005). 
Antimicrobial Activity, Volatile Organic Compound, Bioactive and novel compounds 
production 
A very important role of most endophytes is the antimicrobial activity (Nair and 
Padmavathy, 2014) which protects plants from pathogens by reducing pathogen’s 
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severity (Zabalgogeazcoa, 2008). Pathogen control in plants, animals or human is a ma-
jor effect of endophytes. For example, there is a wide spectrum of pathogenic microor-
ganisms, in which several medicinal plant-evolved with endophytes have shown bioac-
tivity effect (Nair and Padmavathy, 2014). This usually happens because endophytes 
produce inhibitors (Chareprasert et al., 2005; Kumar et al., 2010) antibiotics and anti-
fungal compounds (Istifadah and McGee, 2006). Endophytes have been referred to syn-
thesize bioactive compounds, used by hosts against pathogens e.g. alkaloids, terpe-
noids, flavonoids and steroids. Several such compounds are useful tools in novel drug 
discovery due to their multiple types of function, such as antibiotics, immunosuppres-
sants, anticancer agents, biocontrol agents etc. (e.g. taxol, hyperzine A and brefeldin A) 
(Zhang et al., 2006; Liu et al., 2009; Joseph and Priya, 2011; Nair and Padmavathy, 2014). 
Siderophores (iron chelators) are also biologically active compounds, which are pro-
duced by endophytic microorganisms in many cases and found extensive application in 
the field of agriculture and medicine (Nair and Padmavathy, 2014). It has been proved, 
endophytes are a virulence tool of pathogenic microbes regarding plants, animals and 
humans, too  (Neilands, 1993). It has also been proved that endophytes produce a wide 
variety of volatile organic compounds (VOCs) with antimicrobial activity (most of them 
unidentified), which highlights their possible application in medicine, industry or energy 
production (Nair and Padmavathy, 2014). 
Endophytes as Bio-Control Agents (BCAs) 
Endophytes have been used, due to their toxic substance production, as alternative to 
the chemical way, in order to control insect herbivory (Gehring and Whitham, 1994; 
Arora and Ramawat, 2017) and other entomopathogens (Posada and Vega, 2006), or 
even against poplar canker (Ren et al., 2011). It has been also noticed by Schouten 
(2016) that plants colonized by fungal endophytic microorganisms are better protected 
against plant nematodes. As it concerns biotechnology, endophytes are possible to be 
genetically engineered and express e.g. antipest proteins like lectins against plant pests 
(Fokkema, 1991; Nair and Padmavathy, 2014). Moreover, there are couple of cases in 
which endophytes seem to have a more complicated role concerning their hosts. For 
example, there have been found endophytic microbes with both herbicidal and antimi-
crobial activity (Li et al., 2012), or even others which display heavy metal and antibiotic 
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resistances, while on the other hand induce IAA, siderophore production and deaminase 
production (Luo et al., 2012). 
Parameters describe biocommunities 
There are various ecological parameters that can be used to study communities (and so 
endophytic communities as well), such as abundance, community composition, diversity 
(richness and evenness) as well as structure, stability and dominance. Abundance, is the 
relative representation of a species in a particular ecosystem. The measurement in-
cludes the number of individuals of a species per sample. The way that abundances of 
different species are distributed within a specific ecosystem is called relative abundance, 
and practically is referred to the evenness of distribution of individuals among different 
community species. Evenness is actually a diversity index quantifying the similarity in 
species relative abundance within a community. More detailed, evenness determines 
the diversity as a standardized index of species relative abundance. The number of dif-
ferent species in an ecological community is called richness, and it is the simples meas-
ure of diversity. It is a simple count of the species existing and does not count neither 
for the abundance of each species, nor the relative abundance distribution (Krebs, 
1999). Diversity is a very important attribute regarding communities, that determines 
stability, productivity and migration (Zhang et al., 2012). It includes the two pre-referred 
terms; species richness and evenness, presuming the importance of richness in compar-
ison to relative abundance (Stirling and Wilsey, 2001). Thus, species diversity consists of 
three components; richness, evenness of species and phylogenetic diversity (the genetic 
relationship between different groups of species). Most of studies with regard to diver-
sity, have used structure as a diversity representative. This is based on the simplicity that 
its measurement has, compared to richness, but there are also many investigations 
which notice richness as the common cause of variation in relative abundance and di-
versity (Zhang et al., 2012). 
As it concerns diversity, we can discriminate two types, alpha-diversity and beta-diver-
sity. Whittaker (1972) described alpha-diversity as the species richness in a specific 
place, but later it was redefined on the basis of community structure and was linked on 
the number of species and the proportion by which each species is represented in the 
community. If there is a high number of species with similar abundances in a community 
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(high evenness), then it should be a community with high alpha-diversity. Some indices 
that are commonly used to describe alpha diversity include Shannon’s index (H), Simp-
son’s index (D) and Renyi entropy. Whittaker (1972) described beta-diversity, too, as the 
extent of species replacement or biotic change along environmental gradients. It 
measures the turnover of species between two sites in terms of gain or loss of species. 
Actually, beta-diversity means the dissimilarity between communities of two sampling 
sites (or even two samples). The higher the beta-diversity, the more dissimilar the two 
communities are. Some commonly used beta-diversity indices are Bray-Curtis dissimi-
larity, PSI (percent similarity index) and Jaccard’s index (qualitative). 
Next, species composition is referred to the contribution of each species to the total 
number of individuals in a community. It is generally expressed as a percentage, so that 
all species add up to 100%, defining in parallel from one perspective which species grow 
together. Additionally, community structure describes, in the words of networking, the 
occurrence of groups of organisms that act as nodes in a network, being more densely 
connected with the rest network organisms (Girvan and Newman, 2002). Another term 
is that of community stability, which can be defined as the ability of a community to defy 
changes or rebound from changes (resilience). Last, regarding terms which have to do 
with community, dominance is an ecology term describing the degree to which a taxon 
is more numerous than others in an ecological community (or makes up more of the 
biomass). The dominant species of a community are those that define the community. 
There are several factors influencing plant microbial communities 
Microorganisms are able to colonize any habitat in plants forming their own microbial 
communities, in different plant compartments (either on or within the plant) (Andreote 
et al., 2014). Thus, as different microbial microhabitats are found along a plant, the mi-
crobial community composition of each microhabitat could be different due to changes 
in the microenvironment conditions (Andreote and Pereira, 2017). In the literature, 
there are various factors that affect plant microbial communities, e.g. host species, type 
of tissue, surrounding environment (including its subfactors biotic and abiotic) in a small 
or even in a larger geographical scale. Microbial communities, and thus endophytic com-
munities too, are affected (their structure and function) by host species (Berg and 
Smalla, 2009), and as McInroy and Kloepper (1995) have stated, even bacterial species 
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of different plant species growing side-by-side are different. Host species also affect 
some plant species-specific factors such as root architecture, surface structure, size of 
intracellular space, nutrient composition or even types of root exudates and conse-
quently host’s response to endophytic colonization. In turn, these factors determine the 
plant hosted endophytic community. Tissue type, is another attribute that affects the 
community of endophytes colonizing plants. Each plant tissue (i.e. root, stem/twig or 
leaf) creates a unique microenvironment including different conditions (e.g. plant-pro-
duced compounds, temperature or pH changes etc.) that influences epiphytic and en-
dophytic microorganisms living on and within, respectively. For example, root endo-
phytic communities are different in abundance and composition compared to phyllo-
sphere ones and usually richer as suggested by Robinson et al. (2015). 
Abiotic environmental conditions also exert a major influence on microbial endophytic 
community. It is remarkable the fact that even within the same plant species, endo-
phytic population not only varies from region to region but many times differs in a local 
scale due to change of climatic conditions (Nair and Padmavathy, 2014). Environmental 
conditions, e.g. temperature, humidity, salinity, soil texture, pH and nutrient provision 
(naturally or through fertilization) are able to affect both directly or indirectly the pop-
ulation of endophytes (Jia et al., 2016). Temperature, is a factor that affects different 
groups of microorganisms, by enhancing or suppressing their growth. In general, an in-
crease in temperature increases enzyme activity and the growth of microorganisms 
(Farrell and Rose, 1967), however, when temperatures get too high (above the opti-
mum) enzymes denature and protein activity reduces (Daniel, 1996). Every microorgan-
ism has its own growth temperature spectrum (usually according to its enzyme temper-
ature requirements) and thus there are groups of microorganisms benefiting from e.g. 
temperature increase or others that are suffering. Apart from temperature, moisture is 
another significant factor that affects microbial growth, either by damaging (negative 
relationship) some microorganisms or by benefiting others (positive relationship). Also, 
it is fact that both temperature and moisture are factors that depend on seasonal (e.g. 
spring is usually drier and warmer than autumn, etc.) or altitude changes (e.g. usually as 
altitude increases temperature and moisture elevate). Physicochemical variables of soil 
are also accounted as factors that influence microbial communities, and so plant endo-
phytic communities. Such variables are salinity, pH or texture of soil, as well as soil 
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nutrients, which may increase or decrease microbial growth, induce shift in diversity 
patterns or even change the composition of microbial communities (Faoro et al., 2010; 
Stomeo et al., 2012). 
Endophytes in Sustainable Agriculture 
Increasing global population and its continuously growing needs for food are issues that 
are depended on agricultural production. Agriculture tries to get a more sustainable way 
during the last decade, including novel strategies and practices, new substances (mainly 
bio-originated) as well as organisms, too. The roles of endophytes as simulators and pro-
moters of plant growth, as protectors of plants from stresses or pests, even as BCAs, are 
promising tools in a more eco-friendly and economically sustainable way of agriculture. 
It is true that sustainable agriculture needs self-contained actions and functions, as well 
as low-cost and eco-friendly inputs at the same time, which will lead to yield maximiza-
tion and productivity intensification. Thus, as endophytes affect plant’s survival, diver-
sity and conservation (Busby et al., 2016), they are very important parts of agroecosys-
tems. Although the most common approach of application is their inoculation either in 
soil or seeds (seed dressings), the best strategy for their application in agricultural eco-
systems is not yet known (Le Cocq et al., 2017). Due to the above, there is an emerging 
need endophytes to be studied extensively regarding physiology and functioning, full 
lifecycles and genome plasticity (Redman et al., 2001), in order to be used as tools in 
sustainable ways of modern agriculture applications. 
Research on endophytic biocommunities and on the factors affecting them 
As it concerns endophytes in total, or even specific endophytic species which are studied 
in literature, they are studied in order to help the increase of production in agriculture, 
or to improve a plant’s characteristic, which are both purely agronomic reasons of re-
search. A literature search using the search engine PubMed, and the keyword “endo-
phytes” resulted in more than 2,000 papers during the last 5 years, while in the case of 
the phrase “endophytic community”, the search resulted in more than 300 papers. How-
ever, the number of studies that we have found, including studies on endophytic bio-
communities, factors affecting these communities, as well as how beneficial these fac-
tors are on endophytic communities, was very small (i.e. 35) (details about the basic 
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search are presented in following chapter). Regarding temperature effect on endophytic 
communities only six studies have been found (Table 9), despite the fact that it is a very 
common factor studied in scientific research on biocommunities. On the other hand, in 
the last five-year period, there were more than 5,800 studies in literature referred on 
both “temperature” and “soil” keywords, almost 150 about “temperature” and “rhizo-
sphere” and nearly 20 including “temperature” and “phyllosphere”. The same trend was 
also followed in the case of archaeal endophytic communities, where we found only one 
study in the last five years, in contrast with the general search using the term “archaea” 
that revealed more than 7,600 studies. We conclude that there are only a few studies 
on endophytes and the factors affecting their communities, in relation to the volume of 
work that have been done in the other fields at the same time-period, and thus, there 
is a need and we must emphasize more on the research on endophytic communities. 
Additionally, as it is previously referred, in large scale there are not significant differ-
ences. Nevertheless, in small scale differences are detected at the genus and the species 
level. Therefore, it makes sense to study further and deeper the endophytes and their 
communities, as well as the influence of factors (biotic and abiotic) of their environment 
on them at the community level. 
Objectives of the study 
The objectives of this study were to review the factors that influence endophytic com-
munities, to discuss whether the type of tissue has greater effect on endophyte commu-
nity, irrespective of the host species. Additionally, to be investigated if there is an effect 
on the community of endophytes by changing the environmental conditions in two cases 
(scenarios). The first one is when local environmental changes occur without any abrupt 
changes in biocommunity or seasonality, while the second one when environmental 
conditions in a greater scale (global conditions) differ, including biocommunities, envi-
ronmental characteristics, seasonality etc. 
 
  -13- 
Methods 
This thesis presents a review of the factors affecting endophytic (bacterial and fungal) 
communities, the changes of endophytic community structure and the importance of 
each factor. Many studies have demonstrated the effect of different factors (biotic or 
abiotic) on endophytic communities over the years; however, this thesis focuses on the 
last 5-year period of research on endophytic communities. The chosen studies, are re-
ferred mainly to the abundance and the diversity of endophytic communities. The aim 
was to review studies which had focused on the relative abundance of endophytic phyla, 
in order quantitative results to be provided. The search was based on studies on endo-
phytic communities (both bacterial and fungal), and not on individual species of endo-
phytic microorganisms, and the effect of each factor on these. We wanted to study the 
way that abiotic environmental factors influence the endophyte communities, and thus 
the main factors affecting endophytic communities e.g. temperature, moisture, type of 
tissue, soil, pH, were chosen to be included in the searching procedure. Although there 
are a couple more factors, such as growth stage of host, biotic stress via other microor-
ganisms, or even abiotic factors like cultivation techniques and rhizosphere soil contam-
ination e.g. contaminate the soil and every compound is a totally different case, and 
finally it would be too complicated to extract a result. Additionally, we did not include 
literature studies which try just to record and describe the endophytic microbial com-
munity of a certain host species. We tried to include only comparative studies, either 
within the same plant species, under different abiotic conditions, e.g. rice plants under 
different temperatures, or between different plant species under the same abiotic en-
vironmental conditions. Thus, the searching procedure was conducted by using two key-
words each time. The first part included the word “endophytes” or the phrase “endo-
phytic community”, while the second one was represented by one of the following; 
“sunlight”, “temperature”, “soil”, “pH”, “water”, “moisture”, “humidity” or “tissue 
type”. The search was filtered for studies of the last 5 years, using the search engine 
PubMed with access primarily in the MEDLINE database, and the studies chosen, were 
accessed from 18/07/2018 to 15/09/2018. The studies selected are presented in Table 
1. 
-14- 
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Results and Discussion 
Factors studied and their influence on endophytic communities 
The factors that affect endophytic microbial communities, in our study, were catego-
rized into four main categories: host species, tissue type, abiotic environmental condi-
tions in small scale (local), environmental conditions in large scale (global). After litera-
ture searching based on the criteria that have been previously described, 35 studies 
were sorted out according to the above-mentioned factors that affect endophytic com-
munity. There were several studies where more than one factor was examined. 12/35 
(34%) studies focused on the effect of the host species, while the type of plant tissue 
was studied in 8/35 (23%) studies. The effect of environmental factors in small scale was 
examined in a large number of studies (25/35; 71%), while on the other hand, the effect 
of large scale environmental factors on endophytic communities was referred only in 
3/35 (9%) studies (Table 2). Another type of sorting distinguished the 35 studies accord-
ing to the biotic or abiotic nature of the aspect studied. 14/35 (40%) studies concerned 
abiotic factors and 7/35 (20%) studies referred to biotic ones, while there were also 
14/35 (40%) studies including both biotic and abiotic (Table 3). Studies were also divided 
according to the type of organisms that they were referring, either on bacterial endo-
phytic communities (15/35; 43%), or on fungal endophytic communities (14/35; 40%). 
Finally, the studies including both fungi and bacteria were only 5/35 (14%). Additionally, 
there was a unique study (3%) that had to do with endophytic archaea (Table 4). 
 
Table 2. Different types of factors and the percent-
age distribution of studies in each category 
 
Category Amount Total %
host species 12 34%
tissue type 8 23%
small scale 25 71%
large scale 3 9%
*Amount - the number of times that each factor was 
studied in the 35 studies; Total % - the percentage of 
studies found 
-18- 
 
 
Tissue type effect on endophyte communities 
Eight out of thirty-five studies that were included in our work, have studied the plant 
tissue type effect as it is referred in Table 1. However, there are differences between 
these studies based on the plant compartment that was studied e.g. either above- or 
below-ground tissue, or even both above- and below-ground plant parts. In Table 5 it is 
shown that 2/8 (25%) studies were purely on above-ground tissues (e.g. stems or 
leaves), while 6/8 (75%) studies referred on both above- and below-ground tissues (e.g. 
roots, stems, or leaves). 
 
 
Table 3. Distribution of studies according to the biotic 
or abiotic nature of the factors studied 
Category Amount Total %
Abiotic 14 40%
Biotic 7 20%
Abiotic+Biotic 14 40%
Total 35 100%
*Amount - the number of studies out of the 35 in total; 
Total % - the percentage of studies found 
Table 4. Distribution of the 35 studies according to 
the type of microorganism/-s studied 
Category Amount Total %
Bacteria 15 43%
Fungi 14 40%
Bacteria+Fungi 5 14%
Bacteria+Archaea 1 3%
Total 35 100%
*Amount - the number of studies out of the 35 in total; 
Total % - the percentage of studies found 
Table 5. Number of studies focused on the effect of tissue 
type on the community of endophytes 
Plant tisuue studied Number of studies Percentage %
above ground 2 25%
above and below ground 6 75%
  -19- 
As it concerns the plant tissue type effect (Table 6) on the abundance and genetic 
diversity of bacterial endophytic communities, (as this was described by OTUs; Opera-
tional Taxonomic Units), there is a continuous decrease in diversity and abundance 
along the axis root-stem/twig-leaf. We estimated that the same pattern was also fol-
lowed in case of fungi, despite the fact that there were not so many studies on endo-
phytic fungal communities, and the majority of fungi-focused studies relied on mycor-
rhizal fungi. The suggestion about higher diversity and abundance in root tissues, com-
pared with stems and leaves, for both bacterial and fungal endophytes was also sup-
ported by Li et al. (2018). In contrast to bacterial and fungal communities, archaeal en-
dophytic community diversity seems not to be affected by plant tissue type, maintaining 
the same pattern (Ma et al., 2013). However, this information on stability of archaeal 
endophytic diversity among different tissue types, was referred in just one study (Ma et 
al., 2013), and can be used only as an indication. Thus, as there are not enough studies 
on archaeal endophytic communities, future research should focus on them, as more 
information needs to be provided.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-20- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 T
ab
le
 6
. 
Ti
ss
u
e 
ty
p
e
 e
ff
ec
t 
o
n
 d
iv
er
si
ty
, 
ab
u
n
d
an
ce
 a
n
d
 c
o
m
p
o
si
ti
o
n
 o
f 
en
d
o
p
h
yt
ic
 c
o
m
m
u
n
it
ie
s 
in
 c
u
lt
iv
at
ed
 a
n
d
 w
ild
 p
la
n
t 
sp
ec
ie
s 
*T
is
su
e 
– 
re
fe
rs
 t
o
 t
h
e 
p
la
n
t 
ti
ss
u
e 
ty
p
e 
st
u
d
ie
d
; R
el
a
ti
ve
 a
b
u
n
d
a
n
ce
 –
 d
ep
ic
ts
 t
h
e 
m
o
st
 a
b
u
n
d
a
n
t 
en
d
o
p
h
yt
ic
 g
ro
u
p
s 
in
 d
ec
re
a
s-
in
g
 r
o
w
; 
A
rc
h
a
ea
/B
a
ct
er
ia
/F
u
n
g
i 
– 
th
e 
ty
p
e 
o
f 
m
ic
ro
o
rg
a
n
is
m
s 
st
u
d
ie
d
 i
n
 e
a
ch
 c
a
se
 (
A
 –
 f
o
r 
a
rc
h
a
ea
; 
B
 –
 f
o
r 
b
a
ct
er
ia
; 
F 
– 
fo
r 
fu
n
g
i)
; 
“-
“ 
– 
n
o
 d
a
ta
 T
h
e 
p
re
se
n
t 
ta
b
le
 i
s 
co
lo
re
d
 w
it
h
 d
if
fe
re
n
t 
sh
a
d
es
 t
o
 in
d
ic
a
te
 t
h
e 
b
el
o
w
- 
a
n
d
 a
b
o
ve
-g
ro
u
n
d
 p
la
n
t 
ti
ss
u
es
 
st
u
d
ie
d
 (
re
d
d
is
h
 s
h
a
d
es
 -
 r
o
o
ts
 o
r 
g
ra
in
; y
el
lo
w
 -
 s
te
m
 a
n
d
 t
w
ig
 t
is
su
es
; g
re
en
 –
 le
a
ve
s)
 
P
la
n
t 
sp
ec
ie
s
Ti
ss
u
e
O
TU
s
Sh
an
n
o
n
 in
d
ex
A
rc
h
ae
a/
B
ac
te
ri
a/
Fu
n
gi
R
ef
er
en
ce
Ph
ra
gm
it
es
 a
us
tr
al
is
le
af
-
-
-
-
-
1.
20
A
M
a 
et
 a
l 2
01
3
Ph
ra
gm
it
es
 a
us
tr
al
is
st
em
-
-
-
-
-
1.
10
A
M
a 
et
 a
l 2
01
3
Ph
ra
gm
it
es
 a
us
tr
al
is
ro
ot
-
-
-
-
-
1.
20
A
M
a 
et
 a
l 2
01
3
A
ga
ve
 s
al
m
ia
na
le
af
A
ct
in
ob
ac
te
ri
a
γ-
Pr
ot
eo
ba
ct
er
ia
A
ci
do
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
34
3.
53
B
D
es
ga
re
nn
es
 e
t 
al
 2
01
4
A
ga
ve
 t
eq
ui
la
na
le
af
A
ct
in
ob
ac
te
ri
a
A
ci
do
ba
ct
er
ia
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
16
2.
77
B
D
es
ga
re
nn
es
 e
t 
al
 2
01
4
O
ry
za
 s
at
iv
a
le
af
β-
Pr
ot
eo
ba
ct
er
ia
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
Sp
ir
oc
he
te
s
-
2.
41
B
R
an
gj
ar
oe
n 
 e
t 
al
 2
01
4
Ph
ra
gm
it
es
 a
us
tr
al
is
le
af
-
-
-
-
-
1.
20
B
M
a 
et
 a
l 2
01
3
Po
pu
lu
s 
tr
em
ul
a 
× 
Po
pu
lu
s 
al
ba
le
af
α
-P
ro
te
ob
ac
te
ri
a
γ-
Pr
ot
eo
ba
ct
er
ia
A
ct
in
ob
ac
te
ri
a
β
-P
ro
te
ob
ac
te
ri
a
50
-1
50
2.
93
B
B
ec
ke
rs
 e
t 
al
 2
01
7
Tr
it
ic
um
 a
es
ti
vu
m
le
af
A
ct
in
ob
ac
te
ri
a
Fi
rm
ic
u
te
s
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
21
-
B
R
ob
in
so
n 
et
 a
l 2
01
5
O
ry
za
 s
at
iv
a
st
em
β-
Pr
ot
eo
ba
ct
er
ia
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
Sp
ir
oc
he
te
s
-
2.
48
B
R
an
gj
ar
oe
n 
 e
t 
al
 2
01
4
Ph
ra
gm
it
es
 a
us
tr
al
is
st
em
-
-
-
-
-
2.
50
B
M
a 
et
 a
l 2
01
3
Po
pu
lu
s 
tr
em
ul
a 
× 
Po
pu
lu
s 
al
ba
st
em
α
-P
ro
te
ob
ac
te
ri
a
γ-
Pr
ot
eo
ba
ct
er
ia
A
ct
in
ob
ac
te
ri
a
TM
7
50
-1
50
3.
58
B
B
ec
ke
rs
 e
t 
al
 2
01
7
V
it
is
 v
in
if
er
a
st
em
β
-P
ro
te
ob
ac
te
ri
a
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
Fi
rm
ic
ut
es
15
6
2.
60
B
C
am
pi
sa
no
 e
t 
al
 2
01
7
A
ga
ve
 s
al
m
ia
na
ro
ot
α
-P
ro
te
ob
ac
te
ri
a
A
ct
in
ob
ac
te
ri
a
γ-
Pr
ot
eo
ba
ct
er
ia
A
ci
do
ba
ct
er
ia
35
3.
56
B
D
es
ga
re
nn
es
 e
t 
al
 2
01
4
A
ga
ve
 t
eq
ui
la
na
ro
ot
γ-
Pr
ot
eo
ba
ct
er
ia
A
ct
in
ob
ac
te
ri
a
α
-P
ro
te
ob
ac
te
ri
a
A
ci
do
ba
ct
er
ia
31
3.
43
B
D
es
ga
re
nn
es
 e
t 
al
 2
01
4
O
ry
za
 s
at
iv
a
ro
ot
β-
Pr
ot
eo
ba
ct
er
ia
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
Sp
ir
oc
he
te
s
-
2.
75
B
R
an
gj
ar
oe
n 
 e
t 
al
 2
01
4
Ph
ra
gm
it
es
 a
us
tr
al
is
ro
ot
-
-
-
-
-
3.
40
B
M
a 
et
 a
l 2
01
3
Po
pu
lu
s 
tr
em
ul
a 
× 
Po
pu
lu
s 
al
ba
ro
ot
α
-P
ro
te
ob
ac
te
ri
a
β
-P
ro
te
ob
ac
te
ri
a
TM
7
A
ct
in
ob
ac
te
ri
a
25
0-
30
0
3.
83
B
B
ec
ke
rs
 e
t 
al
 2
01
7
Tr
it
ic
um
 a
es
ti
vu
m
ro
ot
γ-
Pr
ot
eo
ba
ct
er
ia
A
ct
in
ob
ac
te
ri
a
α
-P
ro
te
ob
ac
te
ri
a
-
28
-
B
R
ob
in
so
n 
et
 a
l 2
01
5
V
it
is
 v
in
if
er
a
ro
ot
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
A
ct
in
ob
ac
te
ri
a
β
-P
ro
te
ob
ac
te
ri
a
29
0
3.
70
B
C
am
pi
sa
no
 e
t 
al
 2
01
7
O
ry
za
 s
at
iv
a
gr
ai
n
β-
Pr
ot
eo
ba
ct
er
ia
γ-
Pr
ot
eo
ba
ct
er
ia
α
-P
ro
te
ob
ac
te
ri
a
-
-
2.
38
B
R
an
gj
ar
oe
n 
 e
t 
al
 2
01
4
La
rr
ea
 t
ri
de
nt
at
a,
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Si
m
m
on
ds
ia
 c
hi
ne
ns
is
,  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Pa
rk
in
so
ni
a 
m
ic
ro
ph
yl
la
le
af
-
-
-
-
-
-
F
M
as
si
m
o 
et
 a
l 2
01
5
O
le
a 
eu
ro
pa
ea
le
af
D
ot
hi
de
om
yc
et
es
-
-
-
71
0.
50
F
G
om
es
 e
t 
al
 2
01
8
La
rr
ea
 t
ri
de
nt
at
a,
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Si
m
m
on
ds
ia
 c
hi
ne
ns
is
,  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Pa
rk
in
so
ni
a 
m
ic
ro
ph
yl
la
st
em
D
ot
hi
de
om
yc
et
es
Eu
ro
ti
om
yc
et
es
So
rd
ar
io
m
yc
et
es
-
-
-
F
M
as
si
m
o 
et
 a
l 2
01
5
O
le
a 
eu
ro
pa
ea
tw
ig
Pe
rz
iz
om
yc
et
es
A
sc
om
yc
et
es
Eu
ro
ti
om
yc
et
es
-
10
2
0.
90
F
G
om
es
 e
t 
al
 2
01
8
R
el
at
iv
e 
ab
u
n
d
an
ce
 
  -21- 
The fact that greater diversity and abundance occurs in roots rather than in 
stems and leaves, may be due to the roots’ ability to act as sinks of photosynthetic prod-
ucts (Robinson et al., 2015), the carbon provider for endophytic microorganisms. Addi-
tionally, the upper part of the plant is more exposed to abrupt changes and stress factors 
compared to the below ground part, thus roots rather than leaves or stem provide a 
more protected environment from extreme fluctuations of temperature, moisture or 
even solar radiation (Ma et al., 2013; Robinson et al., 2015). Based on all the aforemen-
tioned, roots are considered to be more suitable and stable habitats for endophyte com-
munity establishment, which consequently results in greater diversity and abundance 
(Hong et al., 2015). Even in the upper part of the plant, the pattern remains similar, with 
a uniform being absent between e.g. stems and leaves. This opinion has also been sup-
ported by Gomes et al. (2018), who stated that leaves are affected more than twigs by 
climatic factors resulting in lower fungal endophyte richness in leaves. Moreover, 
Campisano et al. (2017) noticed that root endophytes’ response to temperature changes 
is slower than that of stems’ ones, due to protection of the below-ground plant part and 
so conditions for endophyte growth are more favorable in roots. Another explanation 
of the higher diversity and abundance of root endophytic communities in contrast with 
that of the above-ground plant parts, may be the fact that endophytic microorganisms 
originate mainly from rhizosphere; they enter into roots by colonizing lateral roots. How-
ever, there are other sources they can derive from, such as spermosphere, anthosphere, 
caulosphere, as well as via aerosols, and they colonize phyllosphere, stomata, wounds 
or lenticels and then the endosphere as depicted in Figure 1 (Cocking, 2003; Mano and 
Morisaki, 2008; Compant et al., 2012; Johnston-Monje et al., 2014; Ren et al., 2015; 
Beckers et al., 2017). Thus, roots tend to have higher diversity and abundance being 
closer to the main source of origin of endophytic microorganisms. The opinion that en-
dophytic bacteria of roots constitute a subset of rhizosphere soil bacteria able to colo-
nize the root, is also supported by Blain et al. (2017), who further noticed that there is 
an active influence of root in endophytic bacterial recruitment through plant exudates. 
-22- 
 
 
In order to be valid, the opinion that “the higher on the plant axis the endophytic 
community is, the less abundant and diverse will be”, it presupposes that endophytic 
microorganisms are able to translocate within plant immediately after they enter e.g. 
from roots to stems and leaves. This has been noticed by Chi et al. (2005) who found 
that endophytic Rhizobia which had been gfp-tagged, migrated from roots to leaves in 
rice plant. In addition, Hardoim et al. (2008) stated that endophytes may spread system-
ically inside the plant and colonize stems and leaves, while Compant et al. (2010) sug-
gested that endophytes use xylem vessels to travel within plant tissues and reach 
Figure 1. Transmission ways, sources of origin and entry points of endophytes, diversity 
in endophytic community and translocation within the plant. Endophyte horizontal 
transmission A. via bioaerosols through phyllosphere entry points e.g. wounds, sto-
mata, shoot apical meristems, flowers, lenticels and hydathodes, B. via rain splash to 
soil and infection of the plant, C. via soil to roots and cracks, D. via insects (e.g. herbi-
vores, predators of other plant associated organisms, sap-feeders) and pollinators (in-
sects and animals), E. vertical transmission of endophytes via soil to seed or through 
colonization of the spermosphere. F. Translocation of endophytes within the plant. 
(Adapted and modified from nl.depositphotos.com) 
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vegetative parts of the plant. Moreover, a study by Sturz et al. (1997) supported the 
scenario of endophyte translocation within plants. Sturz et al. found in their study that 
the amount (87%) of lower foliage endophytes originated from roots and root nodules, 
is much higher than that (57%) of root endophytes originated from foliage on red clover. 
Thus, root-to-leaves endophyte migration is more frequent than leaves-to-root, without 
excluding the last.  
According to the pre-referred, we may conclude that root endophytic communi-
ties will be more similar to the rhizosphere soil community compared to the stem or leaf 
endophytic communities, as the longer the distance from the source, the higher dissim-
ilarity among communities. This has been proved by Roesch et al. (2007) who showed in 
their study that diazotrophic endophytes in maize roots were more related to soil com-
munities than shoot endophytes were, enhancing the idea that the closer to the root an 
endophytic community is, the more similar to the soil communities and more abundant 
will be. 
Comparing the values of diversity indexes, we observed that in case of fungal 
endophytic communities Shannon index was lower than that of bacterial ones, which 
was expected as not only in endophytic communities but also in general, bacteria exhibit 
higher diversity than fungi (Figure 2), due to the fact that through evolution prokaryotes 
were pushed to be adapted into several different styles of life, as well as the phenome-
non of horizontal gene transfer is easier in prokaryotes than in eukaryotes and conse-
quently the production of new strains (Fitzpatrick, 2012; Gray and Archibald, 2012). 
Thus, we expect lower number of phyla in fungal endophytic compared to bacterial en-
dophytic communities. Among bacterial phyla, Proteobacteria were dominant in every 
plant tissue, followed mostly by Actinobacteria, while Bacteroidetes were present only 
in root tissues and Firmicutes only in leaves. Generally, Proteobacteria is the most abun-
dant bacterial phylum of endophytes in every type of tissue (Santoyo et al., 2016; Liu et 
al., 2017), in contrast with Actinobacteria and Firmicutes which are mainly found in high 
abundances in shoot and leaf tissues (Costa et al., 2012; Robinson et al., 2015). More 
specifically, Actinobacteria was the dominant phylum in leaves where they present 
higher abundance compared to the other phyla. This could be attribute to the fact that 
many Actinobacteria species have the ability to form endospores and thus may be better 
adapted in the harsh fluctuations of environmental conditions in leaf tissue (Robinson 
-24- 
et al., 2015; Ortega et al., 2016). Finally, Bacteroidetes is a representative phylum of root 
tissues where these bacteria are more active, due to their ability to degrade complex 
polymers (Perez-Jaramillo et al., 2018), e.g. chitin, cellulose, pectin and xylan (Thomas 
et al., 2011; Berlemont and Martiny, 2015) together with Proteobacteria and Actinobac-
teria (Bulgarelli et al., 2012; Gkarmiri et al., 2017). The  members of Firmicutes are 
adapted to more harsh environments as their metabolism allows them to tolerate hot 
and dry weather conditions, thus they have been found to be the dominant phylum on 
plant phyllospheres in the Mediterranean region (Koeberl et al., 2011; Turner et al., 
2013; Ortega et al., 2016).  
 
 
Fungal endophytic communities in both stem and leaf compartments seem to be 
dominated by the class Dothideomycetes (Ascomycota), with the exception of Olea eu-
ropeae; its twigs were dominated by the class Perzizomycetes (Ascomycota). Among 
fungal endophytes, the major phyla were Ascomycota, while Basidiomycota and Zygo-
mycota contributed with lower percentage (Sun and Guo, 2012). There are cases in 
which Ascomycota proportion is referred really high (99%) and Basidiomycota are pre-
sented in minor proportion (1%) (Potshangbam et al., 2017). Within the phylum 
Figure 2 Phylogenetic Tree of Life (Adapted and modified from NASA Astrobiology In-
stitute) 
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Ascomycota, the class of Dothideomycetes dominates the fungal endophytic communi-
ties (Sun and Guo, 2012; Pawlowska et al., 2014; Zhang and Yao, 2015; Ofek-Lalzar et al., 
2016). This class contains most of the fungal endophytic species in total. 
Host effect on endophytic communities; Cultivated and wild plant species 
12 out of the 35 studies (34%) focused on cultivated plant species (Table 7), such as Zea 
mays, Hordeum vulgare, Melilotus albus, Triticum aestivum, Olea europaea, Vitis vinif-
era, Oryza sativa and Agave tequilana (Hardoim et al., 2012; Desgarennes et al., 2014; 
Johnston-Monje et al., 2014; Rangjaroen et al., 2014; Ren et al., 2015; Robinson et al., 
2015; da Silva et al., 2016; Campisano et al., 2017; Mitter et al., 2017; Gomes et al., 2018; 
Walitang et al., 2018). Moreover, there were 25/35 (71%) studies regarding endophytes 
on wild plant species (Table 6) e.g. Aeschynomene fluminensis, Agave salmiana, Agropy-
ron trachycaulum, Arabidopsis thaliana, Betula ermanii, Betula nana, Bromus inermis, 
Dryas octopetala, Eleocharis erythropoda, Equisetum spp., Eriophorum vaginatum, Fa-
baceae, Fragaria virginiana, Juniperus deppeana, Kandelia obovate, Larrea tridentate, 
Medicago truncatula, Parkinsonia microphylla, Phragmites australis, Pinus contorta, Pi-
nus flexilis, Pinus koraiensis, Pinus ponderosa, Pinus radiata, Poa pratensis, Polygonum 
acuminatum, Populus alba, Populus balsamifera, Populus deltoids, Populus tremula, 
Quercus aquifolioides, Quercus spp., Salicornia europaea, Salix arctica, Salix polaris, Salix 
pulchra, Simmondsia chinensis, Spartina alterniflora, Sphagnum spp. and Vaccinium spp. 
(Gottel et al., 2011; Ma et al., 2013; Desgarennes et al., 2014; Lee et al., 2014; Balint et 
al., 2015; Geml et al., 2015; Hong et al., 2015; Massimo et al., 2015; Agler et al., 2016; 
Asemaninejad et al., 2016; Bourdel et al., 2016; Carrell et al., 2016; Glynou et al., 2016; 
Huang et al., 2016; Rua et al., 2016; Szymanska et al., 2016; Yaish et al., 2016; Yang et 
al., 2016; Beckers et al., 2017; Blain et al., 2017; Grau et al., 2017; Pietro-Souza et al., 
2017; Bowman and Arnold, 2018; Li et al., 2018). 
 
 
Table 7. Number of studies focused on cultivated and wild plant species 
Plants studied Number of studies % (in 35 studies)
Wild 24 69%
Cultivated 11 31%
-26- 
All the studies on cultivated plants but one regarding bacterial endophytes, 
showed that Proteobacteria were the dominant phylum, followed by Actinobacteria, Fir-
micutes and Bacteroidetes in decreasing order of abundance, while there were also 
phyla such as Acidobacteria, Tenericutes and Spirochetes to a lesser extent (Table 8a). 
The dominance of Proteobacteria, including α-, β-, γ- and δ-Proteobacteria, has been 
previously referred in cultivated plant species, such as in wheat by Robinson et al. 
(2015), and rice (Johnston-Monje and Raizada, 2011; Diaz Herrera et al., 2016; Walitang 
et al., 2017; Correa-Galeote et al., 2018), or even in agricultural important grass species 
(Wemheuer et al., 2017). The next phylum in abundance was Actinobacteria in the vast 
majority of cultivated plant species, as one of the largest groups of endophytic bacteria 
(Govindasamy et al., 2014; Wang et al., 2016) and usually the second phylum in decreas-
ing dominance order among the endophytic bacterial phyla (Wemheuer et al., 2017). As 
it concerns Firmicutes, Mitter et al. (2017) referred that this group of endophytic bacte-
ria occurred in specific plant species. In our table we present only the first four phyla in 
decreasing relative abundance, and thus, we cannot state that Firmicutes did not exist 
in general, but only that they were not in high relative abundance (usually the phylum 
was third in decreasing dominance order). Moreover, there were endophytic phyla e.g. 
Tenericutes and Spirochetes, that were present only in cultivated plant species in the 
first four most abundant phyla. Finally, there was just one study among the 35 studies, 
regarding fungal endophytes in cultivated plant species. It concerned to olive tree (Olea 
europaea) and showed that the dominant phylum was Ascomycota, as the major one 
(Sun and Guo, 2012), represented by the classes Dothideomycetes, Eurotiomycetes and 
Pezizomycetes.  
Diversity indices (Shannon index; H’) exhibited also a great variation among the 
different cultivated plant species, ranging from 0.7 to 4.9, while the abundance values 
(OTUs) ranged from 16 to 3302 (Table 8a). Endophytic microbial populations may be 
affected by different plant root exudates and rhizodeposition of the host -the means of 
endophyte selection- which lead to the formation of distinctive, rich and diverse micro-
bial communities (Phillips et al., 2012; Beckers et al., 2017). One of the plant species 
with low diversity and abundance in bacterial endophytes was clover (Melilotus albus), 
presenting diversity equal to 1.91 (Shannon) and abundance equal to 2525 (OTUs), 
lower enough in comparison with other plant species e.g. barley (Hordeum vulgare). 
  -27- 
According to Mitter et al. (2017) this may be due to the fact that selectivity among dif-
ferent plants varies and clover is a more selective plant than barley. 
A great difference in diversity index was recorded even within the same species 
e.g. Oryza sativa, in which diversity index varied from 1.2 to 4.9. Despite the fact that 
host species is a major factor influencing endophytic diversity (and abundance) and sim-
ilar plants usually exhibit high similarities on bacterial community composition (Blain et 
al., 2017), there are cases in which differences are presented within the same plant spe-
cies regarding endophyte community. The statement that plant genotype plays the most 
important role in shaping the endophytic population (Johnston-Monje et al., 2014), has 
been also highlighted by Rangjaroen et al. (2014) who found dissimilarities in endophytic 
bacterial community structure of rice, related to the variety of rice landraces. However, 
in a more recent study coming from Walitang et al. (2018) on different rice cultivars, it 
was referred that only under stress conditions each cultivar presented different endo-
phytic bacterial diversity, while major core-groups of endophytic bacteria occured, 
which seem to follow a general trend even along the different rice cultivars. Apart from 
the rice plant, cultivar effect on endophytic community has been noticed in kiwi fruits 
(Actinidia spp.) (Cho et al., 2018), in maize (Zea mays) (da Silva et al., 2016), in sweet 
pepper (Capsicum anuum L.) (Rasche et al., 2006), as well as in pea (Pisum sativum L.) 
(Elvira-Recuenco and Vuurde, 2000). 
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Proteobacteria have been found to be the dominant phylum in the majority of 
wild plant species, followed by Actinobacteria, Bacteroidetes and Acidobacteria (Table 
8b). Despite the fact that the dominance pattern was similar to that presented in culti-
vated plant species, there were phyla which were unique in wild plant species, or even 
more common. Specifically, Cyanobacteria and Deinococcus are phyla that were not in-
cluded in cultivated species, while others e.g. Acidobacteria were more common in wild 
plant species. Moreover, there were some cases in which Cyanobacteria, Firmicutes or 
Actinobacteria and not Proteobacteria were the dominant phylum. Cyanobacteria, a 
phylum presented in wild plant species, mainly includes diazotrophic bacteria that may 
provide N to the plant system in order to increase its biomass and usually are present in 
endophytic forms in roots (Hong et al., 2015). Thus, the reason why they dominated in 
some cases may be related to a possible need of plants in N, as in cultivated species N is 
provided by fertilizers while in wild species the plants must trap N. Another endophytic 
bacterial phylum presented only in wild plant species is Deinococcus that is often found 
in organic rich environments (soils with high amount of organic matter) (Battista, 1997), 
while Acidobacteria, a group which was more abundant in wild plant species rather than 
in cultivated (Table 8a and 8b), are linked with nutrient-poor soils (Gottel et al., 2011; 
Beckers et al., 2017). Regarding the fungal dominant phyla, Ascomycota was the most 
abundant, followed by Basidiomycota, as well as by Glomeromycota and Zygomycota in 
lower relative abundances, a pattern similar to that described by Sun and Guo (2012).  
Wild plant species also showed a great variety of diversity (Shannon index) and 
abundance (OTUs) values ranging from 0.3 to 5.8 and from 8 to 4213 respectively. The 
high variation in values did not allow us to reveal a pattern of diversity changes among 
species. However, looking at diversity values of Pinus spp., in a couple of studies, we 
observed that diversity and abundance of endophytes in this genus were relatively low 
(compared to the rest) ranged from 0.73 to 1.47 and from 83 to 350 respectively. Similar 
values were also reported in other studies concerning endophytes of Pinus species 
(Oono et al., 2015; Prihatini et al., 2015). 
Except for bacteria and fungi, there was a case that endophytic archaeal com-
munity was detected in common reed tissues (Phragmites australis). Although Archaea 
represent a significant part of the endophytic plant microbiome, their potential role still 
remains unclear and much less is known about the so-called third domain of life, a group 
-32- 
of microorganisms which have been described only in a few publications as internal 
plant tissue colonizers (Oliveira et al., 2013; Ma et al., 2013; Chelius and Triplett, 2001; 
Sun et al., 2008). Archaeal endophytes may act as plant growth promoters, nutrient sup-
pliers or even protectors against abiotic stress (Taffner et al., 2018). The diversity index 
of archaeal endophyte community in the common reed (Ma et al., 2013) varied from 1.0 
to 1.5, indicating lower diversity compared to fungal and bacterial endophytes. The low 
diversity and abundance of archaeal endophytic communities has also been mentioned 
in maize roots (Chelius and Triplett, 2001), in northern peatlands (Galand et al., 2005), 
in rice (Sun et al., 2008), in coffee cherries (Oliveira et al., 2013), as well as in alpine peat 
bog vegetation (Taffner et al., 2018), where both abundance and diversity of archaea 
endophytes were usually lower than the bacterial ones. Taking into account the afore-
mentioned and the fact that Archaea are not as diverse as Bacteria (Aller and Kemp, 
2008), including a lower number of genera and species, we can only speculate the pos-
sibility for archaeal endophytes to be less diverse and abundant than bacterial ones, 
however further studies are needed to support this opinion. 
Abiotic factor’s effect on endophytic communities 
Temperature effect 
Except from biotic factors including the type of plant tissue and the host species, endo-
phytic communities are also influenced by abiotic factors (Martín-García et al., 2011), 
such as temperature, moisture, pH level, salinity, fertilizer presence as well as soil tex-
ture. Regarding temperature effect on endophytic communities (Table 9), it has been 
showed that diversity and abundance increase with temperature, in the case of bacteria. 
It has also been observed that changes are more abrupt in stems rather than in root 
tissues, which probably results from the more protected environment that roots provide 
(Ma et al., 2013; Robinson et al., 2015). Fluctuations of temperature in the below-
ground plant part are not so wide as in the upper part (Ortega et al., 2016), providing 
more stable environment for endophytic communities establishment. Thus, they re-
spond slower to temperature changes and present greater diversity and abundance 
(Hong et al., 2015; Campisano et al., 2017). More studies on bacterial communities are 
needed in order to extract a pattern of endophyte community composition changes in 
  -33- 
relation to temperature. Here we have only the syndication of one study that there are 
no composition changes relating to temperature. 
  
Contrarily with bacterial communities, the main pattern in fungal endophytic 
communities showed that diversity decreases as temperature increases; nevertheless, 
there were some cases in which diversity and abundance slightly increased with tem-
perature elevation (Geml et al., 2015; Gomes et al., 2018). In the fungal communities 
presented in Table 9, there is a variety of changes with temperature elevation in class 
level e.g. Sordariomycetes increase, Eurotiomycetes decrease, etc., however Ascomy-
cota remain the dominant phylum, as the most abundant among fungal phyla. In gen-
eral, there are fungal endophytic taxa known as psychrophiles with growth temperature 
≤15°C and a maximum one ≤20°C and others named psychrotrophs with optimum 
growth temperature between 15-20°C and a maximum temperature for growth >20°C. 
However, endophytic microorganisms can also be mesophiles, with an optimum growth 
temperature above 20°C (Zhang et al., 2013). So, it is possible that the negative correla-
tion of fungal endophytic communities with temperature increase (Randriamanana et 
al., 2015; Asemaninejad et al., 2016) is a result of non-optimal temperatures for growth 
Table 9. Temperature effect on diversity, abundance and composition of endophytic 
communities in cultivated and wild plant species 
*Relative abundance – depicts the most abundant endophytic groups in decreasing row; 
Bacteria/Fungi – the type of microorganisms studied in each case (B – for bacteria; F – for 
fungi); “-” for no data; Tissue – shows the type of tissue used in the study. 
Temperature Shannon OTUs Tissue Authors Bacteria/Fungi
low (15°C) Proteobacteria Actinobacteria Firmicutes Bacteroidetes 3.60/4.10 290/156 root/stem Campisano et al 2017 B
high (35°C) Proteobacteria Actinobacteria Firmicutes Bacteroidetes 4.20/4.90 350/480 root/stem Campisano et al 2017 B
low (2076m) Dothideomycetes Tremellomycetes Leotiomycetes Sordariomycetes 4.20 - leaves Yang et al 2016 F
high (1630m) Sordariomycetes Dothideomycetes Leotiomycetes Tremellomycetes 2.50 - leaves Yang et al 2016 F
low (9 to 12°C) - - - - 5.30 3534 root Geml et al 2015 F
high (increased by 2°C) - - - - 5.05 - root Geml et al 2015 F
low (9 to 12°C) - - - - 5.10 3543 root Geml et al 2015 F
high (increased by 2°C) - - - - 5.20 - root Geml et al 2015 F
low (autumn~8.1°C) Dothideomycetes Eurotiomycetes Pezizomycetes 0.60 2.5 twig/leaf Gomes et al 2018 F
high (spring~14.4°C) Pezizomycetes Dothideomycetes Sordariomycetes 0.90 3.2 twig/leaf Gomes et al 2018 F
low (3.5°C to 16.2°C) Leotiomycetes Eurotiomycetes Dothideomycetes Sordariomycetes 1.91 - root/leaf Bowman and Arnold 2018 F
high (6.3°C to 19.9°C) Leotiomycetes Dothideomycetes Sordariomycetes 0.61 - root/leaf Bowman and Arnold 2018 F
low (ambient) Leotiomycetes Sordariomycetes Eurotiomycetes 3.24 171.7 peat Asemaninejad et al 2016 F
high (+8°C) Leotiomycetes Sordariomycetes Eurotiomycetes 3.24 - peat Asemaninejad et al 2016 F
Relative abundance (bacterial Phylum/fungal Family)
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e.g. higher than 15°C is not an optimum temperature for psychrophilic endophytic fungi. 
Respectively, in the case of a mesophile endophytic fungal community, an increase in 
temperature close to the optimum temperature for growth, may be beneficial for the 
endophytic fungi. Thus, we could speculate that it is possible for Table 9 to be referred 
in a variety of fungal communities (psychrophiles, psychrotrophs or mesophiles), thus 
explaining the variation in diversity and abundance changes in relation to temperature. 
Except for the overall changes observed in Table 9, Geml et al. (2015) showed that the 
fungal endophytic community response differed between moist and dry tundra i.e. di-
versity decreased with temperature elevation when tundra was moist while increased 
when tundra was dry. In moist tundra soils were generally cooler even throughout the 
summer season, which means that less temperature fluctuations occur than in dry tun-
dra (Geml et al., 2015). This may be the reason why the fungal endophytic communities 
of plans cover moist and dry tundra respond differently. 
Moreover, there are different explanations about temperature effects on endo-
phytes. According to Yang et al. (2016), temperature change may also be a result of al-
titude change, which also affects leaf carbon. Leaf carbon increases sharply with eleva-
tion and may broaden the habitat space associated with microorganisms (mainly in foliar 
environment) (Yang et al., 2016). This has as result more microbial organisms to be 
hosted and thus endophytes, too. On the other hand, it is fact that endophytes origi-
nated from rhizosphere soil (Beckers et al., 2017), that warming affects positively root 
exudation (Vančura, 1967) and that root exudates play key role in microorganisms re-
cruitment (Broeckling et al., 2008) and endophytes as well. Thus, it could be suggested 
that temperature increase benefits endophytic communities to increase. Finally, tem-
perature is usually linked with the moisture of the environment e.g. due to seasonal and 
altitude changes, or even due to climatic fluctuations, the increase of temperature is 
accompanied by the decrease of humidity and vice versa. This explains why there are 
studies that take into account the effect of both factors (temperature and moisture), on 
endophytic community simultaneously. Zimmerman and Vitousek (2012) and Gomes et 
al. (2018) stated that these two abiotic factors strongly affect the fungal endophytic mi-
crobiome, thus it may be better to be studied jointly. 
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Moisture effect 
With the increase of moisture, bacterial diversity decreased (Shannon index, H’) in con-
trast to what happened in fungal endophytic communities. The diversity of the latter 
increased with moisture elevation (Table 10). Soil moisture influences bacterial motility, 
and specifically their chemotactic behavior (Bashan, 1999). Proper condition regarding 
moisture is an important factor for microbial growth, as water is responsible for the 
transfer of nutrients and waste products in and out of bacterial cells. At high moisture 
content endophytic bacterial population in maize roots is lower than in low moisture 
(Adejumo and Orole, 2010). However, Adejumo and Orole noticed in their study that the 
differences in bacterial endophytic population at various moisture levels were not sig-
nificant, indicating that moisture is a factor that should be taken into account in combi-
nation with others such as temperature, salinity, pH etc. The increase of fungal endo-
phyte abundance and diversity due to moisture increase has been also observed in other 
cases, and it is usually linked with precipitation increase (U'Ren et al., 2012; Lau et al., 
2013). This is probably due to the fact that rainfall is an important factor for endophytic 
fungi dispersion and colonization (Gomes et al., 2018). 
Additionally, although the number of studies was not large enough, there was 
an indication that changes in diversity (Shannon index) of fungal and bacterial endo-
phytic communities in Pinus spp. (P.koraiensis and P.ponderosa) due to moisture eleva-
tion may be not as abrupt as in other species. However more studies are needed in order 
to ascertain this. In both bacterial and fungal communities, the pattern of composition 
remained the same in relation to moisture increase, e.g. Proteobacteria and especially 
γ-Proteobacteria dominated in bacterial communities, and Ascomycota was the domi-
nant phylum in fungal ones. Nevertheless, there was a case of fungal community (Pop-
ulus deltoides) in which Basidiomycota dominated when moisture elevated. 
-36- 
  
Salinity effect 
Changes in salinity can also affect endophytic communities. Studies that examined the 
effect of salinity were all focused on bacterial endophytic communities and showed that 
both diversity and abundance increased as salinity increased (Table 11). As it concerns 
community composition, the most abundant phyla were Proteobacteria and Actinobac-
teria, a pattern which did not change with changes in salinity in two out of three cases. 
There is one study (Szymanska et al., 2016), where the dominant phylum was Firmicutes 
and the community was dominated by Proteobacteria due to salinity increase. Although 
Proteobacteria are usually found in nutrient rich soils (Gottel et al., 2011; Beckers et al., 
2017), their abundance was higher in more saline sites (Szymanska et al., 2018). Specif-
ically, there was a category of these, δ-Proteobacteria, that are considered to be halo-
philic, along with Acidobacteria (Szymanska et al., 2018). According to Foesel et al. 
(2014), the latter are linked with higher salinity level, as they are able to grow in saline 
and poor-in-nutrients environment (halophilic or halotolerant). Regarding the group of 
endophytic Actinobacteria, there is the opinion that they exhibit low salt stress toler-
ance, being a phylum, which is usually present in lower salinity level environments 
(Szymanska et al., 2016; Szymanska et al., 2018). However there is an opposite opinion 
that Actinobacteria shift in dominance in terms of abundance under salinity increase 
(Walitang et al., 2018) (Table 11). The difference in these cases may be due to the dif-
ferent salinity spectrum presented in the two cases e.g. from 55 to 112 dSm in case of 
Salicornia europaea and from 0 to 4 and 8 dSm in case of Oryza sativa (Table 11). As the 
Table 10. Moisture effect on diversity, abundance and composition of endophytic 
communities 
*Relative abundance – depicts the most abundant endophytic groups in decreasing 
row; Bacteria/Fungi – the type of microorganisms studied in each case (B – for bacteria; 
F – for fungi); Tissue – shows the type of tissue used in the study; “-” for no data. 
Plant species Moisture Shannon OTUs Tissue Comments Authors Bacteria/Fungi
Pinus radiata high γ-Proteobacteria - - - 0.95 - needles 1.2 soil water content Rua et al 2016 B
Pinus radiata low γ-Proteobacteria β-Proteobaccteria - - 1.45 - needles 1.0 soil water content Rua et al 2016 B
Populus deltoides high γ-Proteobacteria α-Proteobacteria Acidobacteria - - - root 35 to 40% moisture Gottel et al 2011 B
Populus deltoides low γ-Proteobacteria α-Proteobacteria β-Proteobacteria - - - root 22.2 to 29.6 % moisture Gottel et al 2011 B
Betula ermanii high Dothideomycetes Tremellomycetes Leotiomycetes Sordariomycetes 4.20 - leaves 2076m altitude Yang et al 2016 F
Betula ermanii low Sordariomycetes Dothideomycetes Leotiomycetes Tremellomycetes 2.50 - leaves 1630m altitude Yang et al 2016 F
Pinus koraiensis high Dothideomycetes Leotiomycetes Eurotiomycetes - 1.13 - needles −18.3 ± 9.5 MPa Lee et al 2014 F
Pinus koraiensis low Dothideomycetes Sordariomycetes - - 0.81 - needles −54.3 ± 14.5 MPa Lee et al 2014 F
Pinus ponderosa high Leotiomycetes Eurotiomycetes Dothideomycetes Sordariomycetes 1.91 - root/leaf 74.6cm precIpitation Bowman and Arnold 2018 F
Pinus ponderosa low Leotiomycetes Dothideomycetes Sordariomycetes - 0.61 - root/leaf 61.2cm precipitation Bowman and Arnold 2018 F
Populus deltoides high Basidiomycota Ascomycota - - - - root 35 to 40% moisture Gottel et al 2011 F
Populus deltoides low Ascomycota Basidiomycota - - - - root 22.2 to 29.6 % moisture Gottel et al 2011 F
Relative abundance (bacterial Phylum/fungal Family)
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amount of increase was higher in the first case we may could speculate that the specific 
case is representative of an abrupt salinity change for Actinobacteria. 
In general, differences at the dominant phylum of endophytic communities be-
tween different saline sites can be associated with differences related to rhizosphere 
soil and more specifically to its physico-chemical properties. Based on the aforemen-
tioned, endophytes are able to enter the root tissues through wound at the point of 
lateral root emergence and since the lateral root development is decreased by salt stress 
(Ma et al., 2013), the invasion in higher salinity levels may be suppressed. Nevertheless, 
there were studies where no significant difference in endophyte diversity due to salinity 
changes was recorded (Ma et al., 2013), and others where significant differences oc-
cured (Szymanska et al., 2016). Specifically, Szymanska et al. (2016) found higher micro-
bial diversity at the high salinity site, due to the fact that it was a naturally saline site, in 
contrast to the anthropogenic less saline and more recent site that was also examined. 
Such differences occur as salt stress affects negatively populations of microorganisms, 
while halophilic or halotolerant microbes can easily survive and increase in abundance. 
Finally, there was also the category of archaeal endophytes which were also influenced 
by salinity. Ma et al. (2013) noticed in their study that salinity had a significant effect in 
endophytic archaeal community, and that diversity decreased along with salinity de-
crease. This may be because of the more tolerant nature of archaeal prokaryotes in com-
parison with bacterial ones, but it is only an indication and has to be further studied.  
 
 
Table 11. The effect of salinity on diversity, abundance and composition of endophytic 
communities 
*Relative abundance – depicts the most abundant endophytic groups in decreasing row; 
Bacteria/Fungi – the type of microorganisms studied in each case (B – for bacteria; F – for 
fungi); Tissue – shows the type of tissue used in the study; “-” for no data. 
Plant species Salinity Shannon OTUs Tissue Comments Authors
Salicornia europaea low Firmicutes Actinobacteria Proteobacteria - - 8 root 55 dSm Szyma´nska et al 2016
Salicornia europaea high Proteobacteria Firmicutes Actinobacteria - - 12 root 112 dSm Szyma´nska et al 2016
Medicago truncatula low γ-Proteobacteria α-Proteobacteria β-Proteobacteria Bacteroidetes 0.30 29.33 root EC:1.23 Yaish et al 2016
Medicago truncatula high γ-Proteobacteria α-Proteobacteria β-Proteobacteria Bacteroidetes 3.15 34.33 root EC:14.40 Yaish et al 2016
Oryza sativa low γ-Proteobacteria Actinobacteria - - 1.40 - seed 0 dSm Walitang et al 2018
Oryza sativa mid Actinobacteria γ-Proteobacteria Bacteroidetes Sphingomonas 1.37 - seed 4dSm Walitang et al 2018
Oryza sativa high Actinobacteria γ-Proteobacteria Bacteroidetes α-Proteobacteria 1.37 - seed 8dSm Walitang et al 2018
Relative abundance (bacterial Phylum/fungal Family)
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Fertilizer application effect 
Robinson et al. (2015), observed that in the case of manure application the community 
composition pattern changed and Proteobacteria dominated over Actinobacteria (Table 
12a). It has been suggested that Proteobacteria are linked with nutrient-rich environ-
ment, while Actinobacteria is a group of endophytes adapted in harsh fluctuations of 
abiotic conditions better than Proteobacteria (Gottel et al., 2011; Robinson et al., 2015; 
Beckers et al., 2017). This is depicted in the Table 12a, in which the relative abundance 
of Proteobacteria was higher than that of Actinobacteria when manure was applied as 
fertilizer and soil became more fertile. An increased number of endophytes has been 
recorded when no fertilizer was applied, while in cases where inorganic fertilizers or 
manure were incorporated, the abundance decreased. This may be probably due to the 
fact that the release of organic acids occurs into the rhizosphere of nutrient stressed 
plants, which may attract higher numbers of endophytic microorganisms (Robinson et 
al., 2015). The higher abundance of endophytes in such cases (Robinson et al., 2015) 
may be a result of the long-term interaction of endophytes and plants under low nutri-
ent conditions, a scenario that is also supported by the evolutionary theory. It has been 
suggested that under poor quality environmental conditions, exist higher chances for 
mutually beneficial symbiotic relationships to be developed since the involved species 
cannot survive without this mutualistic relationship (Ellison et al., 1996). In general, such 
changes in the community composition due to fertilization may occur because of two 
reasons. Firstly, fertilizers may directly alter the soil bacterial community, consequently 
changing the available pool of colonizing bacteria, and secondly, fertilizers may shift 
plant growth and/or result in plant exudates changes which consequently alter the en-
dophytic community and influence the recruitment of endophytes (Robinson et al., 
2015).  
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Soil texture effect 
Among the other environmental factors referred in the 35 studies selected, soil texture 
was also included. The effect of soil texture on endophytic communities was studied in 
two tree plant species studies (Pinus radiata and Populus deltoides) (Table 12b), in which 
bacterial and fungal communities respectively, were examined. In the case of Pinus ra-
diata it was observed an increase of diversity across the axis sand-clay-silt, and domina-
tion of γ-Proteobacteria, in all three cases (silt, clay and sand). However, Rua et al. (2016) 
stated that there was no strong correlation between bacteria and soil texture although 
some specific OTUs recorded in this study related to specific soil characteristics. Regard-
ing Populus deltoides, the fungal phylum Ascomycota dominated in sandy loam, while 
Basidiomycota dominated when soil texture was clay. 
Effect of pH 
According to the literature search, pH effect on endophytic communities was studied 
only in a case of fungal endophytes in Populus deltoides (Table 12c), in which Ascomy-
cota was the dominant phylum followed by Basidiomycota when pH was low (neutral). 
On the other hand, when pH increased dominance of phyla was reversed, and Basidio-
mycota dominated. It has already been suggested that soil pH strongly affects the abun-
dance and diversity of soil microbiota and therefore the endophytic microorganisms in 
Table 12. a. Fertilization, b. soil texture and c. soil pH effect on diversity, abundance and 
composition of endophytic communities 
*Relative abundance – depicts the most abundant endophytic groups in decreasing row; 
Tissue – shows the type of tissue used in the study; “-” for no data. 
Plant species N fertilizer Abundance (logCFU) Tissue Authors
Triticum aestivum No Actinobacteria γ-Proteobacteria α-Proteobacteria β-Proteobacteria 2.25
Triticum aestivum Manure β-Proteobacteria γ-Proteobacteria Actinobacteria α-Proteobacteria 1.40
Triticum aestivum Manure + N (96) γ-Proteobacteria α-Proteobacteria Actinobacteria β-Proteobacteria 1.30
Triticum aestivum N (144) Actinobacteria α-Proteobacteria Bacteroidetes γ-Proteobacteria 1.50
Triticum aestivum N (288) Actinobacteria γ-Proteobacteria α-Proteobacteria β-Proteobacteria 1.25
Plant species Soil texture Shannon Tissue Authors
Pinus radiata silt γ-Proteobacteria β-Proteobacteria - - 1.40 needles
Pinus radiata clay γ-Proteobacteria β-Proteobacteria - - 1.30 needles
Pinus radiata sand γ-Proteobacteria - - - 0.90 needles
Populus deltoides clay Basidiomycota Ascomycota - - - root
Populus deltoides sandy loam Ascomycota Basidiomycota - - - root
Plant species pH Comments Tissue Authors
Populus deltoides high Basidiomycota Ascomycota - - 7.70-7.90 root
Populus deltoides low Ascomycota Basidiomycota - - 6.60-6.80 root
Gottel et al 2011
Relative abundance (bacterial Phylum/fungal Family)
Relative abundance 
Relative abundance
root/leaf Robinson et al 2015
Rua et al 2016
Gottel et al 2011
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some proportion. By affecting the physiology of the host plant (e.g. soil pH alters mineral 
uptake), soil pH indirectly leads to the selection of different microbial groups (Johnston-
Monje et al., 2014) or even changes part of the host’s development (e.g. lateral root), 
resulting in decrease or differentiation of endophyte recruitment (Ma et al., 2013). pH 
is able to affect endophytic community even through the phenomenon of acid rain ac-
cording to Helander et al. (1993), who stated that low rain pH (pH= 3) decreased almost 
25% the endophytic community, nevertheless, the endophytic community composition 
of the host did not change. 
Abiotic factors in large scale 
Although many studies focus on the effect of abiotic environmental factors in a small 
scale to be studied, there are a few studies with regard to the effect of these factors in 
large scale. Balint et al. (2015) noticed that endophyte diversity varied with latitude, 
with poplar trees in the south exhibiting lower fungal endophyte diversity than trees in 
the north. Carrell et al. (2016) also stated that endophytic community composition of 
subalpine conifers differed due to large geographical distance, while on the other hand 
diversity and abundance had no differences at all. This could be explained by the exist-
ence of low dispersal barriers for canopy-associated endophytic bacteria, which has as 
a result the aerial surfaces of plants to be significant sources of aerosols, and microor-
ganisms to be able to be dispersed across large distances via particulate matters (Carrell 
et al., 2016). 
Additionally, Glynou et al. (2016) suggested that geographic distance did not af-
fect similarities or dissimilarities among endophytic communities of Microthlaspi plants, 
supporting the idea of the strong influence of local environment in determining root 
endophytic communities. They supported that geographic distance of each location ex-
hibits a negligible effect on endophytic community. More specifically, the latitude de-
termines the composition but does not affect the diversity and the species richness, 
while climatic variables present higher correlation with community composition of en-
dophytes, collinear with latitudinal gradient. Regarding factors related to moisture and 
temperature, Glynou et al. (2016) stated that these clearly differentiated root endo-
phytic communities in southern areas (hot and dry summers and wet winters) compared 
to others found in northern areas (wetter and colder summers and winters).  
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It seems that large scale on its own, poorly affects community composition of 
endophytes. However, the environmental conditions of each region influence the com-
position of endophytic community, along with several other factors (both biotic and abi-
otic) and their interaction as well (Blain et al., 2017). Our suggestion is in agreement 
with Gomes et al. (2018) who stated that endophytic community is driven by both envi-
ronmental and biotic factors. We suggest that endophytic communities present a global 
homogeneity, with no significant differences in the composition of their communities at 
the phylum level. Of course, this does not mean that there are no differences among the 
individuals of each group at the family, the genus and the species level shaped by local 
environmental factors, something which is expected and reasonable. It is very important 
to mention that the taxonomic level of grouping in each case study plays the key role. 
Undoubtedly, the more detailed the level of grouping, the more the differences will be. 
Thus, we can state that there is a general (global) pattern of maintenance of endophytic 
community structure, regardless of the study area, which is influenced at the lower tax-
onomic levels by local abiotic environmental parameters on the one hand, and by biotic 
on the other (Figure 3). 
 
 
 
 
 
 
 
 
 
 
ENDOPHYTIC 
COMMUNITIES 
GLOBAL ABIOTIC 
ENVIRONMENT 
LOCAL ABIOTIC 
ENVIRONMENT 
Figure 3 The influence of large scale environmental conditions (global) and small scale 
environmental conditions (local) on endophytic communities.  
*The direction of the arrows indicates the direction of the effect of each factor on en-
dophytic community. The bullet in the center depicts the endophytic communities, the 
middle ellipsis represents the local abiotic environment, and the outer ellipsis the 
global abiotic environment. 
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Conclusions 
To sum it up, there is an uncertainty on which factor (host, tissue type and abiotic 
environment) mainly affects the endophytic community, as there are several studies 
whose results vary, and plenty of subfactors (i.e. abiotic environmental factors) that af-
fect the different microbial groups. Each factor affects the endophytic community on its 
own way, with a different level of influence (in case that the factor is studied separately). 
In our study, the plant host is the main biotic factor that affects endophytic community 
e.g. each plant species makes a selective recruitment of different endophytic microor-
ganisms, compared to other plant species, while the type of tissue (root, stems/twigs or 
leaves) also plays a crucial role i.e. by compartmentalizing the already recruited endo-
phytic microbial population. Despite the fact that the type of tissue is important, its ef-
fect remains lower than the effect of the plant host. On the other hand, abiotic environ-
mental factors affect the plant host (different plant species usually grow under different 
environmental conditions), but also influence directly the endophytic community to 
some extent e.g. in case of acid rain, endophytic community composition does not 
change; nevertheless, the abundance of endophytes changes (Helander et al., 1993) and 
thus finally, the host is the main contributor to the endophytic community selection and 
composition. Our conclusion is that the host acts as the main factor affecting the endo-
phytes, as it is directly affected by abiotic environmental factors, while the type of tissue 
shapes further the existing endophytic community that has been recruited by host, into 
specific plant compartments. (Figure 4). 
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LOCAL ABIOTIC 
ENVIRONMENT 
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TYPE 
ENDOPHYTIC 
COMMUNITY 
Figure 4 The abiotic and biotic interactions and their influence on endophytic 
community 
*The width of the arrows indicates the level of each factor’s influence on endophytic 
community. The wider the arrow, the higher the level of influence. 
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